The main purpose of DC-AC converters is to produce AC power by converting DC power. There are many kinds of DC-AC converter with magnetic components. In other words, the components such as inductor or transformer and so forth are included to design and manufacture DC-AC converter in the conventional way until even now. The components make DC-AC converter heavier than DC-AC converter without the magnetic components. In order to overcome this problem, we select one type of DC-AC converter that is the switched capacitor converter operated by Fibonacci sequence for generating an AC waveform. The validity of the converter about the better efficiency was proved by comparing the conventional ways and the proposed way in the last research. However, the converter in the last research is only for producing a square waveform. Therefore, we analyze whether it is possible to realize that the converter can generate a staircase sine waveform. In order that we implement the above mentioned research, we analyze the converter in a theoretical way. The results of comparing the theoretical analysis and the simulation are illustrated in this paper.
Introduction
There are many types of DC-AC converter in modern society. The purpose of the DC-AC converter is to convert DC power to AC power. Then, the power converted from DC-AC converter is able to be utilized for electronic goods such as home appliance, e-book reader machine, lap-top computer, smart phone and so on. All of appliances introduced above are essential to become much lighter in order to reduce unit price and take much better portability. However, in conventional way until even now, the magnetic components such as inductor or transformer and so forth are used so as to make DC-AC converter. The main aim of the using those magnetic components is to save energy from input power and to transfer the energy, of course it is hard to deny that the magnetic component is the best component in order to do that. However, the magnetic components cause some problems about EMI (electromagnetic interference). For this reason, engineers or designers pays much attention to reduce EMI problems and EMC (electromagnetic compatibility). Another weakness by using the magnetic component is to make the DC-AC converter circuit heavy and bulky. So as to overcome those problems, in 1971, first idea about switched capacitor converter was suggested by Brugler (1) . From this suggestion on, many types of switched capacitor DC-AC converter have been suggested and realized by this time; for example, bidirectional inverter (2) , ring type converter (3) and switched capacitor voltage multiplier DC-AC inverter (4) . In this situation, we made another suggestion that is the design of the switched capacitor DC-AC converter operated by Fibonacci sequence in the last research (5) . The proposed converter's better efficiency was proved by comparing the conventional switched capacitor converter and the proposed converter; the conventional switched capacitor converter was suggested in other researches (2) (3) (4) . However, the analysis and realization of the converter in the last research are only for producing a square waveform. Therefore, we examine and analyze whether it is possible to realize that the converter can generate a staircase sine waveform.
In this paper, we implement the analysis of the switched capacitor converter operated by Fibonacci sequence for producing a staircase sine waveform. In order to do that, we analyze the converter in theoretical way. In the step of theoretical analysis, we derive interaction formulas related with all kinds of operation steps for charging and discharging the capacitors in the converter circuit. As the next step, we simulate the converter by SPICE so that we can prove whether the converter is well operated as designed in the theoretical way.
Circuit Configuration

The switched capacitor converter of Fibonacci sequence type
There are various kinds of type for switched capacitor converter. For example, the types are series-parallel type, ring type and switched-capacitor-voltage-multiplier type and so on (3) (4) (5) . In many kinds of converter type, it is the Fibonacci sequence type that we select for this paper.
There are two reasons why we select the Fibonacci sequence type. First, we improved that the selected type has higher power efficiency than other conventional types (3) (4) (5) . Second, the type is possible to make the components of converter circuit minimize. Table 1 complements the second reason. Fig. 1 shows the switched capacitor converter for DC-AC conversion which was proposed in last research (5) . The circuit consists of two blocks. First block for converting DC to DC is a converter block which is for generating 12 kinds of voltage. Second block for converting DC to AC is a full bridge which is for changing the polarity of the output voltage produced from the converter block. The voltage of each capacitor in the circuit follows the Fibonacci number.
The equation (1) 
The way how the converter block is operated
The converter block in Fig. 1 is operated with the switching rules shown in Tables 2 and 3 which is about how to charge and discharge the capacitors in the converter circuit. In other words, the converter block produces 12 kinds of voltage as the input for the full bridge block by the switching rules. The range of the voltage is from the input voltage to 12 times of the input voltage.
First of all, we are going to explain the switching rules in Tables 2 and 3 , the purpose of which is how to charge and discharge the capacitors in the converter. The switching rules is separated as State-1, 2 and 3. State-1 and State-2 are for charging the capacitors in the converter circuit. The sequences of State-1 and State-2 are presented in Fig. 2 . In the steps of State-1 and State-2, the input power is charging VCn = VCn-1+ VCn-2 where n={3, 4, 5} with Vc1=Vin Vc2=Vc1+Vin
(1) Series-parallel (2) 38 12
Ring (3) 48 12
Multistage SCVM (4) 26 8 Fig. 1 . The switched capacitor converter for DC-AC converter. Table 2 . Switching rule to charge the capacitors.
Step Switch to turn on Switch to turn off In State-1 and State-2, we implement the charging of the capacitors, the voltage of which follows the Fibonacci sequence. The next step is to generate 12 kinds of voltage. It is possible to produce 12 kinds of voltage by using switching rule shown in Table 3 , namely the switching rule of Table 3 means how to connect the switches in order to produce 12 kinds of voltage.
The way how the full bridge in the converter is operated
The purpose of using the full bridge is only for changing the polarity of the current conveyed from the converter block. In order to do this operation, the switches, the name of which is Sm and Sp, should be operated by the switching rule shown in Table 4 . Fig. 3 shows the flow of the output current by the switching rule in Table 4 .
Theoretical analysis
Equivalent model
It is necessary to use a four-terminal equivalent model in order to analyze the characteristics the converter circuit. Fig. 4 describes the four-terminal equivalent model for the converter. The equivalent model will be used in next chapter to derive the power efficiency. Thruough the analysis of each equivalent circuit by the switching rules, we can derive the SC resistance which is called Rsc. By using the value of Rsc, it is possible to calculate the power efficiency for the converter in the theretical way. 
SC resistance and efficiency
We make two assumptions so as to implement the theoretical analysis. First assumption is that the electronic switch such as transistor or MOSFET is an ideal switch with on-resistance Ron. Second assumption is that the time constant which is usually called τ is far beyond all of the clock for the system in this paper.
On The converter generates the output voltage of the converter block by the above-mentioned switching rules. And then the produced power is transferred into the full bridge. In this sequence, the analysis of each State is essential to analyze the power efficiency of the converter. In other words, to derive SC resistance in the equivalent circuit at each State is same to analyze the power efficiency because SC resistance is only one component that consumes the energy from the input power in the equivalent circuits.
In steady state, all of the differential value of the electric charge in all of the capacitors satisfy equation (2) .
In equation (2), ΔqTi k means that the electric charge of the k-th capacitor in State-i, and T is the period of the system clock for State-1, State-2 and State-3. In this declaration, Ti is the i-th period of the State-i. By using the Kirchhoff's current law in Fig 5, the interaction formula among the factors is derived as follows; the factors are the differential values of electric charges for the input, the output and the capacitors. Equation (3) is for State-1 and Equation (4) is for State-2.
Next step is to derive the equation for State-3. There are 12 kinds of State-3 by the switching rule shown on Table 3 . The result of deriving it is given as follows. 
By using the equations (3) - (16), the average value of the input current and output current is able to be expressed as the equation (17).
By being based on the equation (17), we can see what relation there is between the current of input and output. The relation is shown as equation (18). From equations (18), it is possible to know the value of n in Fig. 4 ; otherwise, n's value is the n of 'n-th times'.
Next step is the analysis of the consumed energy from the input power in theoretical way so that we can know the value of Rsc. Rsc will be used for deriving the efficiency of the converter. Rsc is derived by calculating how much a component consumes electronic energy.
By using equation (19), deriving the value of the Rsc is possible through the comparison of the consumed energy in four-terminal equivalent model in Fig. 4 . The consumed energy of the Rsc in Fig. 4 is shown at equation (20) and the result of the calculation for each step is presented in table 5.
Next step is to derive the efficiency of the converter by implementing the combination of the interaction equations above mentioned. Representatively, the relation of the factors in 12 times mode is shown at equation (21) in the way of the Kettenmatrix. The factors are the average current of the input and the output, the average voltage of the input and the output, the value of Rsc and n.
In equation (21) How to set the period for each mode is that we calculate the value Tm(m=1~12) by using equation (23). The output with the time values for Tm follows a sinusoidal wave form with 50Hz as much approximately as possible. The period for each mode is shown on Table 6 . In table 6, 23 kinds of step mean a half period in staircase sine waveform.
Next step is to establish how to analyze the efficiency of a staircase sine waveform with the values we derived. By using the values in Table 6 and equation (24), it is possible to calculate the efficiency in theoretical way. The equation (24) is the result of comparing the ideal voltage without loss with the voltage calculated by using the efficiency value at each step. Fig. 7 complements the idea about theoretical calculation above mentioned.
Simulation
The simulation is implemented with the conditions shown on Table 7 . The output waveform as the staircase sine waveform is shown on Fig. 8 . As seeing Fig. 8 , we can know that 12 kinds of step is realized showing staircase type. On  Fig. 9 , the power efficiency of the designed is shown. Fig. 10 illustrates the RMS of the output voltage. As Fig. 9 , the error between the theoretical calculation and the simulation is 3.7% on average. The result of comparison between the theoretical calculation and the simulation is shown on Table  8 
Conclusion
A DC-AC converter for generating a staircase sine waveform has been analyzed and simulated in this paper. The analysis of the converter was implemented by using a fourterminal model and mathematical way. And then we confirmed the validity of the converter by comparing the efficiency derived in theoretical way and the efficiency simulated. The error ratio was 3.7% on average. In conclusion, we proved theoretically that the designed converter is possible to generate the staircase sine waveform operated at 50Hz with the validity. The design of the prototype of the converter used in this paper is left for a future work.
